INTRODUCTION
The most common hormonal contraceptive method in the West is the combined oral contraceptive pill (COC) used by 30-60% of women below 30 years of age 1, 2 . COCs offer several medical benefits in addition to providing effective contraception 3 , which, together with their relatively low cost, availability and convenience, have led to their being a common first-choice contraceptive.
However, overall continuation rates of COC use are low. An American prospective observational study reported a 43% 24-month continuation rate for COC use (excluding women who wished to become pregnant) 4 . A 12-month follow-up study 5 found that the most common reason given for discontinuation was experience of adverse effects; other reasons given were forgetting to take pills and difficulty in obtaining a supply. A Swedish study found that psychological effects were also a factor leading to discontinuation of COC use and noted that the effects increased over time 1 .
While the somatic side effects of hormonal contraception (COC, progestogen-only pill [POP] , and the levonorgestrel-releasing intrauterine system [LNG-IUS]) are well documented, the psychological effects on mood and sexual desire have not been as well studied 6 .
The nature of sexuality is complex and is influenced by many non-biological and biological factors; it is therefore difficult to reliably predict how sexual activity may be affected by different contraceptive methods 7 . The natural fluctuations of steroid hormones have been investigated and have been shown to modulate women's sexual activity during the menstrual cycle 8 . Hormones act both in the central nervous system 9 and in peripheral sites important for sexual function 10 . Changes in concentrations of estrogen, sex hormone binding globulin and free testosterone may occur during use of the COC. These effects, together with direct progestogen effects, may affect sexual desire in some women 8, 11, 12 .
Reviews that summarise the effects on sexuality of hormonal contraceptives conclude that approximately 12% of women experience an increase or decrease in sexual desire; the majority, however, are unaffected by the use of COCs [13] [14] [15] .
The two main objectives of this study were: first, to determine whether experiencing a decrease in sexual desire is more prevalent in women who use hormonal contraceptives than in women who use hormone-free alternatives, and whether statistical differences remain after adjusting for demographic factors and other possible confounders; second, to find out whether a decrease in sexual desire is a factor that leads women to discontinue hormonal contraceptive use. A secondary objective was to investigate positive side effects and extent of method satisfaction experienced by users of hormonal contraception.
METHODS
This cross-sectional questionnaire-based study was conducted in Linköping, Sweden, a university city with a mixed urban and rural population of about 150,000 inhabitants.
All of the women (N=3870) living in Linköping who, according to the population register, turned 22, 25 or 28 years between 1 January and 31 December 2013 were eligible for inclusion in the study. No other inclusion or exclusion criteria were applied.
Questionnaires were posted through the traditional mailing system in March 2013 and two reminders were sent out about 2 and 4 months later to those who had not replied. The envelopes of 130 women were returned unopened. The number of women in each of the three age groups who were reached by the questionnaire was as follows: age 22 (n=1435), age 25 (n=1268) and age 28 (n=1037). Of this total of 3740 women, constituting the study population, 1851 returned completed questionnaires. No financial compensation or other incentives were handed to the participants.
The questionnaires were optically read after ensuring absolute accordance between optical and manual reading of three completed questionnaires. All questionnaires were coded to enable the reminders to be sent to the right women. To guarantee participant anonymity the coding key document was kept locked and both the codes and the key document were destroyed when optical reading was completed. Answers of a qualitative character were saved as JPEG files for manual survey.
The three-part questionnaire was compiled from pre-existing questionnaires developed by three different research teams. (4) occasional partners.
The variables were, except for height and weight, nominal, pre-formulated multiple choice alternatives (3-16 alternatives in the different questions). Questions about side effects were followed by a space for personal comments.
The questionnaire was validated using comprehension testing by three volunteers and then by establishing test-retest stability after 2 weeks with eight 25-year-old volunteers. After comprehension testing, smaller modifications of some of the questions were done. In all, 11 of 30 questions were answered slightly differently by one or more of the eight volunteers. The difference in the number of alternative steps for each of these 11 questions had a median of zero and the mean value ranged between 0.12 and 0.5, which is why we considered the questionnaire to have reasonable test-retest stability; therefore, no additional modifications of the questions were needed.
The data were analysed using IBM SPSS statistics version 21. Results are presented as frequencies and proportions in tables and text. Comparisons of differences between groups were performed using the χ 2 test and, when the expected count was less than five, Fischer's exact test. In order to adjust for possible confounders, we used a binary multiple logistic regression model. The significance level was set as two-tailed p<0.05 for all analyses.
The study was approved by the regional ethics committee in Linköping (Dno 2013/257-31).
RESULTS
Of the total of 3740 women who received the questionnaire, 1851 (50%) responded; there was a similar response rate in each of the three age groups (p=0.23) Background data are presented in Table 1 .
The most common contraceptive method was the COC, used by 44%, followed by the POP (desogestrel), used by 12%. A hormonal method was used by 60% of the total study group, and 15% used no contraception at all (pregnant and nursing women not counted). The use of different contraceptives differed between the three age groups (p<0.05) ( Figure 1 ).
Using no contraception was more common in the 28-year-old group than in the two younger groups (p=0.01).
A quarter of all the contraceptive users in each of the three age groups reported a decline in sexual desire following the start of use. Women using hormonal contraceptives reported this decrease more often than women using hormone-free contraceptives (p=0.001) ( Table   2 ).
Multiple regression analysis showed that the decrease in sexual desire could not be explained by age, educational level, number of children, depression or overweight (BMI >25 kg/m 2 ). The only variables found to correlate with experiencing a decrease in sexual desire were having a partner and/or using a hormonal contraceptive method (Table 3) . Of those answering the questions regarding both current contraceptive use and experience of sexual desire, 24.5% (n=333) had either no partner or only occasional partners. The odds ratio (OR) of having decreased sexual desire in women using a hormonal contraceptive method was 2.39 (Table 3) , whereas it was 0.98 when only taking into account the 333 women without a partner or with an occasional partner.
We analysed how the experience of reduced sexual desire affected the women's answers to several other questions related to contraceptive use and sexuality (Table 4) . Forty-five percent of the women, irrespective of age or contraceptive method (those wanting to become pregnant excluded), wished to stop or change the contraceptive method they were using when they completed the questionnaire. The reasons for this are summarised in Table   5 , which shows two groups: one, users of hormonal contraception; the other, users of hormone-free contraception.
Twenty-two percent of the women reported experiencing diminished sexual desire connected with a previous episode of use of hormonal contraception. Half of these women still used hormonal contraception during the period studied; the other half had changed to a hormone-free alternative. The OR for planning to stop or change a hormonal contraceptive because of reduced sexual desire was 8.16 (95% confidence interval [CI] 6.65-10.1) for the 99 women who had previously changed contraception due to the adverse effect of an earlier episode of hormonal contraception, in relation to the 68 women who had not experienced any adverse effects.
Most of the hormonal contraceptive users (85%) reported at least one positive effect of the method: these included reduced anxiety about having an unintended pregnancy (44%), more regular and reduced bleeding (46-54%), and reduced dysmenorrhoea (43%). Positive effects on sexual desire and mood were rarer: 3% and 8%, respectively.
Most women (93% of hormonal contraceptive users) were generally satisfied with their method and about 75% had already used the method for more than 1 year at the time of the study. Despite long duration of use, the majority of the women using hormonal contraception during the study period had previously tried another hormonal contraceptive method, leaving only 9% as first-time hormonal contraceptive users.
Single questions in each of a very small number of questionnaires (1-3%) were not answered. However, the question concerning current contraceptive use was answered by all but five women. Five multiple choice questions included as one possible choice the answer 'I do not use any contraceptive method', which was concordantly answered by almost all women, with only a small variation of 1.7%.
DISCUSSION

Findings and interpretation
One in four young Swedish women in our study reported that the use of contraception had a negative influence on her sexual desire. The experience of diminished sexual desire was significantly more common among women using hormonal contraception (27%) than among women using hormone-free contraception (9-11%). This experience was reported just as often by women using COCs as by women using progestogen methods, including the LNG-IUS.
Only the fact of having a fixed partner and using hormonal contraception showed in the regression analysis to be independent variables associated with lower sexual desire caused by contraceptive method. Interestingly, among women without a partner, generally few reported a negative effect on sexual desire associated with contraceptive use and there was no significant difference within this group between hormonal and hormone-free methods.
Sexual desire is an individual experience with a complexity of physical, emotional and interpersonal factors. According to Basson 18 , female sexual desire is largely driven by responsiveness to different stimuli and only to a lesser extent by spontaneous or innate desire. A plausible cause of our finding that partnership was a variable that predicted decreased sexual desire could be that changed sexual desire due to use of contraceptives is more likely to become evident for women living with a partner than for women not in a sexual relationship.
We found decreased sexual desire to be the most frequent adverse effect, reported alone or with other adverse effects, that prompted reconsideration of the contraceptive method by women using hormonal contraception. Overall, contraceptive users who experienced a decrease in sexual desire were almost twice as likely to reconsider their choice of method as were women without this experience. This also indicates the importance of decrease in sexual desire as a risk factor for discontinuation of contraception. Health benefits and a high level of satisfaction with the method were experienced by most women and these seem to be the reasons that led most to continue using the same method for at least a year.
Our overall interpretation of the results is that there seems to be a small proportion of women who experience impairment of sexual desire to an extent that overrides their experience of the positive effects of contraception. This could motivate women either to change to a hormone-free alternative or to try another type of hormonal contraceptive.
Probably a greater percentage of 28-year-old women compared with younger women wanted to become pregnant, explaining that contraceptive use differed between the three age groups. Condoms and the copper intrauterine device (IUD) used as primary methods were more common in the oldest age group, even among those in this age group who were nulliparous and had a partner, whereas LNG-IUS use did not differ between age groups.
One interpretation could be that women who experience adverse mood and sexual effects eventually choose a hormone-free alternative, although these methods have a markedly lower Pearl Index. Due to the cross-sectional study design we cannot say whether these changes evolve with time or are just caused by observing three different cohorts.
Strengths and weaknesses of the study
An obvious weakness of our study is the cross-sectional design, which did not allow us to determine causality of any kind. On the other hand, we had a large sample of young women and the 50% response rate enabled us to obtain a fairly good overview of prevalence and associations.
Another weakness is the fact that our questionnaire had not been used in earlier studies and, despite validation before its use, its reliability could be questioned. Five different questions that included the choice 'not using any contraceptive method' were positively answered, with only a minor variation of 1.7%, suggesting high internal validity. Our questionnaire did not include questions about the duration of the current relationship or an estimation of the quality of the relationship. This prevents us from making further analyses of our finding that having a partner was just as important as the use of hormonal contraception when it comes to experiencing decreased sexual desire.
Users of hormonal contraception who experience reduced sexual desire were overrepresented among women with a generally reduced level of desire, i.e. women never or almost never feeling desire. We cannot clarify how these factors are interrelated in our study, but a generally decreased sexual desire could be a potential source of bias in our results.
Since all the women in our study were able to understand Swedish very well, our study group did not perfectly match the ethnic make-up of the present Swedish population.
Unfortunately, the response rate in our study was low (49.5%); therefore, the data must be interpreted with caution and the generalisability of our findings is partly restrained.
Women with negative experiences of hormonal contraceptives may be more prone to answer a questionnaire on the subject and this might have biased the results of the present study. Declining response rates are now being reported in many surveys in Sweden and other Nordic countries. In Finland, the response rate for women aged 25-64 declined by 0.5% per year, from 85% in 1978 to 71% in 2002 19 . In a meta-analysis of 59 surveys, no clear relation was found between the rate of response and a non-response bias, indicating that the search for mechanisms that link non-response rates and non-response bias should focus on the level of individual measures and not on the level of the survey 20 .
In the present study the distribution of contraceptive use among women was similar to that in other observational studies 1, 21 , despite our relatively low response rate. We can therefore expect our participants to be reasonably representative of the general female population in these age groups, at least regarding contraceptive use.
Similarities and differences
A systematic review recently reported a prevalence of 15% of impaired sexual desire in women using a COC 22 . The difference between our results and those of that review may be caused by different ways of asking about reduction in sexual desire. A specific question on reduced sexual desire in a questionnaire, which also asks for possible consequences of a decrease in desire, could generate a higher frequency of positive answers. There may also be a selection bias caused by a low response rate, in that women with negative experiences may be more prone to respond.
Experiencing adverse effects could cause reconsideration leading to plans to stop or change contraceptive method 5, 23, 24 . This is in line with findings by Burrow et al. 13 , who concluded that around 8% of hormonal contraceptive users stopped their contraceptive method due to adverse effects on sexual desire.
We found that women who had changed a hormonal contraceptive method because of a decrease in sexual desire had about an eightfold increased odds of considering stopping or changing their hormonal contraceptive method again, which is consistent with earlier findings 25 . Recall bias must, however, be considered and the calculated OR should be interpreted with some caution.
Women who used the LNG-IUS reported the same extent of decrease in sexual desire as that reported by users of other methods of hormonal contraception. This is in contrast to previous reports that LNG-IUS use was associated with improved sexual desire and decreased intercourse-related pain 26 . This latter study had a selection of parous women with a median age of 39 years presenting with menorrhagia, who actively asked for intrauterine contraception. The women in our study, however, were all young and might have responded on the basis of an earlier experience of negative effects on sexual desire with a COC.
Only three out of the 47 LNG-IUS users in the present study had not previously tried another hormonal contraceptive method. Half of the 13 women who used the LNG-IUS and reported reduced sexual desire had experienced the same adverse effect earlier with another hormonal contraceptive method. In a small randomised clinical trial, Gingnell et al. 25 showed that women with subjective reports of previous COC-induced mood deterioration displayed depressed mood and mood swings when re-exposed to COCs.
Relevance of the findings
We consider our results relevant and important because even though COCs have been available for more than 50 years surprisingly little is known about the prevalence of adverse sexual effects and mood symptoms truly related to COC use. Furthermore, the sexual and psychological side effects of COCs have mostly been treated as secondary outcome measures 6 . The precise estimates of COC-related adverse mood symptoms are not available due to the lack of placebo-controlled trials. A Cochrane review stated that there is a need for more studies actually designed to reveal side effects, including psychological effects, as primary outcome measures 27 .
Our findings are relevant contributions to the discussion of the benefits and drawbacks of hormonal contraception.
Clinical implications
Our findings suggest that clinicians should address adverse sexual effects during counselling and be aware of the increased risk of poor compliance when women report a decrease in sexual desire while using hormonal contraception, including the LNG-IUS.
Paying attention to young women's experiences of negative effects on sexual desire could in the longer term even raise the level of contraceptive compliance and thus the unquestionable overall health benefits of hormonal contraception.
Unanswered questions and future research
The question of causality between hormonal contraception and decrease in sexual desire remains unanswered: placebo-controlled randomised clinical trials will be needed to determine causality. In our study, LNG-IUS users reported decreased sexual desire to the same extent as all other users of hormonal contraception, which should be confirmed by further studies.
Further, qualitative studies are needed for a better understanding of the decision-making mechanisms of contraceptive choice and compliance in relation to adverse sexual effects.
These studies should ideally also take partner relationship into account.
CONCLUSION
Whether there is a true causality between hormonal contraceptive use and a decrease in sexual desire remains uncertain. We can state, however, that in a Swedish setting, around 27% of women aged 22-28 years using any kind of hormonal contraception reported negative effects on sexual desire that they believed were caused by the method itself. This experience is a strong contributor to the risk of discontinuation with that contraceptive method. This is an important issue in the clinical setting. LNG-IUS users seem to report decreased sexual desire to the same extent as all other users of hormonal contraception, which requires confirmation in future studies. NS, not significant.
